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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the new laser-beam-machining equipment which was 
made to perform advanced laser beam machining by giving the device in which especially the 
component of a controlled atmosphere is changed periodically, about the laser-beam-machining 
equipment processed in a controlled atmosphere. Moreover, it is related with the laser beam equipment 
pulse-ize [ equipment ] continuation laser of high power and it was made to fluctuate the laser output in 
an irradiating point periodically especially. 
[0002] 

[Description of the Prior Art] Laser came to be used for ingredient processing widely to surface 
treatment, such as surface treatment, to welding, cutting, and a pan in recent years from advantages, 
such as a high energy density obtained at the irradiating point, and usability in the inside of atmospheric 
air. Although development of the various related techniques for obtaining high increase in power and the 
optimal processing results, such as the C02 laser and iodine laser suitable for ingredient processing, and 
an YAG laser, in connection with it is promoted splendidly, there are also many technical problems 
newly generated on the other hand. 

[0003] For example, in the field of welding, since ******** welding can be performed at high speed, 
laser welding attracts attention, but if continuous welding is performed using high power laser-beam- 
machining equipment, the so-called porosity to which many air bubbles remain in a bead depending on a 
welding condition occurs, quality deteriorates or it is known that reinforcement will fall. As this cure, 
the laser output in a processing point is fluctuated periodically, namely, it is known that it is effective in 
solving a problem to pulse-ize the laser output in a processing point. If laser is irradiated, the molten 
pool where the ingredient melted into the processing point of the ingredient for processing with the 
energy will be made, and a deep hollow, i.e., a keyhole, will be generated in the core of a molten pool. 
By pulse-izing a laser output, it is because the inside of this keyhole is stirred, the number of air bubbles 
is decreased and generating of porosity can be pressed down. 

[0004] Approaches, such as preparing the breaker style of the light for fluctuating a laser output 
periodically to (2) laser-beam transmission optical path which carries out output fluctuation of the laser 
output in a processing point by the oscillator side of (1) laser as an approach of pulse-izing, can be 
considered. However, in the case of discharge excitation laser, such as a C02 laser that to ingredient 
processing used at an expensive price by the device which carries out output fluctuation by the oscillator 
side of laser, in high power 20kW or more, it is difficult to pulse-ize by the oscillator side. [ most ] 
Moreover, if the mechanical breaker style in consideration of the lightfastness over the laser beam of 
high power is manufactured, it is difficult to become strong and large-sized equipment and to make it 
open and close at high speed. 

[0005] Moreover, although cutting processing by laser is performed using a combustion operation in an 
oxygen ambient atmosphere, if it is processed in a high concentration oxygen ambient atmosphere, a 
thick plate is processible, and cutting width of face of generating of breadth dross increases. On the 
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other hand, a thick plate cannot be cut if it is going to carry out laser beam machining in a low 
concentration oxygen ambient atmosphere. In addition, the effectiveness that a cutting plane becomes 
beautiful is accepted by pulse-izing a laser output depending on cutting conditions also in laser beam 
cutting. 
[0006] 

[Problem(s) to be Solved by the Invention] Then, the technical problem which this invention tends to 
solve is offering the laser-beam-machining equipment which has improved workability ability by 
devising the method of pouring in a controlled atmosphere. Especially an oscillator side is offering the 
high power laser-beam-machining equipment from which the new laser-beam-machining equipment 
which fluctuates the laser output in an irradiating point periodically easily, the still more nearly optimal 
pulse period, pulse width, a controlled atmosphere component, and the ambient-gas-pressure force can 
be chosen, using continuous wave laser. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the laser- 
beam-machining equipment of this invention is characterized by changing periodically the amount of 
supply of two or more kinds of controlled atmospheres with which components differ. According to the 
laser-beam-machining equipment of this invention, the quality of processing can be raised more by 
adjusting an amount according to processing conditions for every gas, and making it change periodically 
using two or more kinds of gas by which presentations differ as a controlled atmosphere supplied near a 
processing point. 

[0008] There was no technical thought of raising workability ability conventionally, using complexly 
the controlled atmosphere used for laser beam machining. However, with the laser-beam-machining 
equipment of this invention, since it can avoid burning superfluously for example, also when laser cuts a 
thick plate, securing an oxygen density required for cutting by changing an ambient atmosphere with 
oxygen gas and inert gas, processing with little dross with a small cutting margin can be performed. 
Moreover, also when performing laser beam machining in an inert gas ambient atmosphere, although the 
seal effectiveness is high and it is inferior to expensive helium and the seal effectiveness, it becomes 
possible by changing and using cheap carbon dioxide gas to raise synthetic cost performance. 
[0009] Furthermore, the laser-beam-machining equipment of this invention can fluctuate the laser output 
in an irradiating point periodically by changing the component of a controlled atmosphere periodically. 
This invention performs pulse-ization of consecutive output mold laser-beam-machining equipment by 
carrying out induction of the plasma to a processing point depending on the component of a controlled 
atmosphere, growing up, and changing periodically the controlled atmosphere which is a thing using 
there being work to which this plasma covers laser radiation light, and does not cover a laser beam, and 
the controlled atmosphere to cover. According to the laser-beam-machining equipment of this invention, 
like the breaker style prepared in the output fluctuation by the side of a laser oscillator, or a laser beam 
transmission optical path, it is not based on an approach with many problems at an expensive price and 
technically, but cheaply, the laser output in an irradiating point is fluctuated periodically, and can be 
pulse-ized easily technically. Thus, the quality of welding can be raised by carrying out pulse-ization of 
a laser output. 

[0010] The phenomenon in which the laser beam absorption coefficient changes greatly with classes of 
controlled atmosphere in generating and behavior of the laser induction plasma, and a list is solved by 
the artificer of the invention in this application etc. Paying attention to the relevance of the behavior of a 
keyhole, and the behavior of the plasma generated from a processing point, the artificer etc. changed the 
ingredient for processing, and the controlled atmosphere, performed test welding, and checked the 
correlation. This research result was announced as "correlation of the keyhole behavior in laser welding, 
and plasma behavior" at the Japan Welding Society national conference already held in October, 1998. 
The outline is carried by "the Japan Welding Society national conference lecture outline 63rd collection 
('98-10)." 

[001 1] Generally in laser beam machining, inert gas like helium, an argon, and nitrogen and reactant gas 
like oxygen are introduced near a processing point as a controlled atmosphere according to the 
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processing condition. In said test welding, when high power laser-beam-machining equipment 
performed welding processing into a predetermined controlled atmosphere, the behavior of the plasma 
which induction is carried out and is generated from a processing point with the behavior and laser of a 
keyhole which are produced at a processing point was observed. According to the test result, when a 
controlled atmosphere is helium, as shown in drawing 5 , it is maintained after the metal plasma which 
the ingredient for processing plasma-ized has spouted from the processing point, and the deep big 
keyhole is formed in the processing point. 

[0012] On the other hand, when an argon and nitrogen are used as a controlled atmosphere, if a laser 
beam is irradiated by the processing point as shown in drawing 6 (a), a deep big keyhole will be formed 
and the metal plasma will spout. At this time, in addition to the metal plasma, the argon and nitrogen 
which are a controlled atmosphere plasma-ize, and it moves up, growing up, as shown in drawing 6 (b). 
a keyhole — growth of the plasma of a controlled atmosphere -- corresponding — gradually — reducing ~ 
just ~ being alike - it disappears. Eventually, the controlled atmosphere plasma is shifted and 
extinguished from a laser beam transmission optical path. If the plasma is extinguished from a laser 
beam transmission optical path, corresponding to it, a deep big keyhole will be again formed like 
drawing 6 (a). 

[0013] This phenomenon is repeated periodically, and that period becomes settled according to a laser 
output, the ingredient for processing, and the class of controlled atmosphere, and changes greatly with 
combination of these conditions. For example, in the case of the helium ambient atmosphere, it had been 
20 to about 315ms according to construction material by 15kW of la ser outputs. Moreover, when an 
output is 5kW, it is observed that the thing for 30ms becomes short with 10ms in lOkW. A lthough it is 
thought that the formation of the plasma by which induction was carried out to this laseris based on the 
mechanism of reverse braking radiation, the situation of that formation changes with controlled 
atmospheres to be used. 

[0014] When the formed laser induction plasma absorbs a laser beam, a keyhole contracts and 
disappears as mentioned above because the laser output which reaches a processing point is reduced. 
Since the absorption coefficient by the plasma of a laser beam is proportional to the square of laser 
wavelength, especially in the case of long wavelength (wavelength of 10.6 micrometers) like a C02 
laser, it tends to be influenced of the plasma. Furthermore, the absorption coefficient by the plasma of a 
laser beam changes greatly with classes of controlled atmosphere, and it is large with an argon or 
especially nitrogen, and small with helium. 

[0015] If its attention is paid to this phenomenon, like an argon or nitrogen as a controlled atmosphere, 
that laser induction plasma uses gas with a high laser beam absorption coefficient, and how to fluctuate 
the laser output in an irradiating point in pulse by the plasma generated and extinguished can be 
considered periodically, however , the behavior of the plasma generate and extinguish periodically be 
decide with the class and the ingredient for processing of a controlled atmosphere , and the pulse period 
and the pulse width of a laser output in the irradiate point acquire as a result will be uniquely determine 
by the property of the plasma , and cannot choose freely the pulse period or the pulse width which be 
most suitable for the service condition of laser , for example , a welding condition and cutting 
conditions . 

[0016] Then, when the work which covers laser radiation light uses a powerful controlled atmosphere 
and the controlled atmosphere which does not cover a laser beam, changing it periodically, the laser 
output of consecutive output mold laser-beam-machining equipmentis [ pulse-] made toize this 
invention in the part which reaches a processing point. It can apply also to high power laser-beam- 
machining equipment, and came to be able to perform high processing of quality especially in laser 
welding and cutting by using such a means. 

[0017] In addition, as a controlled atmosphere, some combination the combination of helium, an argon, 
nitrogen, a carbon dioxide, and oxygen or of them may be used. It is for pulse-izing the laser output in 
an irradiating point using the difference of absorption of the laser beam by the laser induction plasma of 
these gas. Moreover, insufflation opening which became independent to each of these controlled 
atmospheres may be prepared in the laser radiation neighborhood of a point, and the gas stream 
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adjustment device in which it became independent to the upstream of the insufflation opening, 
respectively may be established. Furthermore, the controlling mechanism which controls the gas stream 
adjustment device of each controlled atmosphere may be established so that the pulse period, the pulse 
width, and a controlled atmosphere component and the ambient-gas-pressure force of the laser output in 
an irradiating point may be optimized. 

[001 8] In order to fluctuate the laser output in a processing point periodically, things can perform 
constituting high power laser-beam-machining equipment by applying the device using the above- 
mentioned phenomenon. If gaseous helium and nitrogen gas are considered and seen by the case where 
an irradiating point is supplied, as a controlled atmosphere by this configuration, first, in the condition of 
supplying the irradiating point, the gas stream adjustment device of nitrogen gas is operated, and only 
gaseous helium will send nitrogen gas into an irradiating point, will be interlocked with that actuation, 
will operate the gas stream adjustment device of gaseous helium, and will stop supply of gaseous 
helium. After fixed time amount progress, the gas stream adjustment device of nitrogen gas is operated, 
supply at the irradiating point of nitrogen gas is interlocked with a stop and its actuation, the gas stream 
adjustment device of gaseous helium is operated, and gaseous helium is supplied to an irradiating point. 
Actuation of this gas stream adjustment device is repeated with the period which was most suitable for 
the activity of the laser output at that time. 

[0019] Although absorption of the laser beam by the laser induction plasma hardly takes place when 
gaseous helium is supplied to the irradiating point, when nitrogen gas is supplied to the irradiating point, 
a laser beam is absorbed by the laser induction plasma generated at an irradiating point, and the laser 
output of an irradiating point declines greatly. Although a laser oscillator side is continuous wave laser 
by repeating this condition by turns, for the object for an exposure, it acts like a pulse laser, it has come 
out of the pulse period and pulse width to choose it as arbitration with the signal from a controlling 
mechanism. At this time, the controlled atmosphere component and the ambient-gas-pressure force of 
having been most suitable for the activity of the laser output at that time can also be brought to an 
irradiating point by sending simultaneously the signal which adjusts the opening of a gas stream 
adjustment device from a controlling mechanism. 

[0020] In addition, if one controlled atmosphere is made into oxygen and the controlled atmosphere of 
another side is applied to laser-beam-cutting processing equipment as inert gas, such as helium, an 
argon, nitrogen, and carbon dioxide gas, it can cut adjusting the oxidation in an irradiating point, and 
will become possible [ a thick plate ] for little processing of dross with a small cutting margin. 
Moreover, also when applying to laser-welding processing, by choosing a controlled atmosphere 
suitably and replacing it periodically, a weld zone front face becomes smooth and improvement in 
quality is possible. 
[0021] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail with reference to a 

drawing based on an example. 

[0022] 

[Example 1] Drawing 1 is the explanatory view showing the configuration of the 1st example of the 
laser-beam-machining equipment of this invention. This example shows the case where the laser-beam- 
machining equipment of this invention is applied to high power laser-beam-machining equipment. The 
inside of the duct 3 which constitutes a laser beam transmission optical path is progressed, a direction is 
changed with a reflecting mirror 4, it is condensed by the processing point 7 of the ingredient 6 for 
processing with a condenser lens 5, and the laser beam 2 oscillated with the laser oscillator 1 of high 
power as the basic configuration was shown in drawing 1 performs surface treatment, such as welding, 
cutting, and surface treatment. Although the laser-beam-machining equipment of this invention is 
effective especially if it is applied to the laser of long wavelength, such as a C02 laser, it is also not 
necessarily applicable to various laser, such as not only it but iodine laser, an YAG laser, etc. 
[0023] Near the processing point 7 of a duct 3, the insufflation openings 8 and 9 of a controlled 
atmosphere are formed, and the gas stream adjustment devices 10 and 1 1 in which it became 
independent, respectively are formed in the upstream of each insufflation opening. Although gaseous 
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helium shows the case where nitrogen gas is poured in, from the insufflation opening 9, it may establish 
insufflation opening and the gas stream adjustment device of argon gas or nitrogen gas further, or 
changes the source of gas supply to the insufflation openings 8 and 9 (not shown), and may enable it to 
supply argon gas and nitrogen gas from the insufflation opening 8 in this example. 
[0024] As for the gas stream regulatory mechanisms 10 and 1 1, it is desirable that a gas stream can be 
extremely changed from the exterior to a high speed by the time amount for 10 or less ms in response to 
a signal. For this reason, a gas stream may be intercepted using a high-speed response mold electric 
bulb, a piezo-electric element, etc., a gas stream is deflected using a fluid logic device, and you may 
make it not reach about seven processing point. 

[0025] The gas stream adjustment devices 10 and 1 1 are operated by the signal from a controlling 
mechanism 12. For example, in the condition of supplying the processing point 7 by making gaseous 
helium into a controlled atmosphere, a laser beam reaches a processing point and the keyhole is formed 
in the molten pool near a processing point. In this condition, a signal 14 is sent, and a controlling 
mechanism 12 operates the gas stream adjustment device 1 1 of nitrogen gas, sends nitrogen gas into the 
processing point 7 from the insufflation opening 9, makes it that actuation interlocked with, sends a 
signal 13, operates the gas stream adjustment device 10 of gaseous helium, and stops supply at the 
processing point 7 of gaseous helium. Then, a laser beam is intercepted and the keyhole currently 
formed in the object for processing disappears until the controlled atmosphere plasma occurs in a 
processing point location, it develops into it, it goes up and it disappears soon. 
[0026] After fixed time amount progress, a controlling mechanism 12 sends a signal 14, it operates the 
gas stream adjustment device 1 1 of nitrogen gas, interlocks supply at the irradiating point 7 of nitrogen 
gas with a stop and its actuation, sends a signal 13, operates the gas stream adjustment device 10 of 
gaseous helium, and supplies gaseous helium to the irradiating point 7 from the insufflation opening 8. 
Then, a controlled atmosphere replaces helium, and a laser beam penetrates, it comes to reach a 
processing point, and a keyhole is formed again. 

[0027] If the set point of the period according to the pulse period and pulse width of a laser output which 
were most suitable for the contents of processing, such as welding, cutting, or surface treatment, is given 
to a controlling mechanism 12 By beginning to repeat signals 13 and 14 from a controlling mechanism 
12 with the period according to the setting out, and operating the gas stream adjustment devices 10 and 
1 1 periodically Even if a laser oscillator side is continuously -transmitting laser, for the ingredient 6 for 
processing which is an object for an exposure, it acts like a pulse laser. In this way, for example, 
problems, such as generating of the porosity at the time of welding, are solvable. 
[0028] Moreover, the gas stream adjustment devices 10 and 1 1 may be equipment which can adjust an 
opening. In this case, by sending and adjusting the signal which changes opening setting out of the gas 
stream adjustment devices 10 and 1 1 from a controlling mechanism 12, the controlled atmosphere 
component and the ambient-gas-pressure force of having been most suitable for processing at that time 
can be controlled, and a processing point can be brought. In addition, although helium was used as the 
2nd controlled atmosphere in the above-mentioned explanation, it cannot be overemphasized that other 
inert gas with little plasma generating, such as an argon and a carbon dioxide, may be used. 
[0029] Drawing 2 is the explanatory view showing another example of insufflation opening applied to 
this example. As shown in drawing 2 (a), the side nozzle 16 set so that gas might be sprayed toward the 
head of an exposure nozzle from the supply nozzle 15 and outside which were established in the bottom 
of a laser exposure nozzle may be used for insufflation opening which supplies a controlled atmosphere 
to the processing neighborhood of a point. Usually, the gas of the direction which bears functions main 
as controlled atmospheres, such as nitrogen gas in this example, from the supply nozzle 15 of a bottom 
is supplied, and the gas which has the function to make supply of main gas, such as argon gas in this 
example, intermittent from the side nozzle 16 is supplied. 

[0030] Moreover, the coaxial multiplex nozzle 17 as shown in drawing 2 (b) can also be used. The 
coaxial multiplex nozzles 17 and 18 are installed in the same axle to the shaft of a laser beam, and 
prepare opening in the periphery of the point of a laser nozzle annularly. What is necessary is just to 
decide the number of nozzles according to the class of controlled atmosphere which should be changed. 
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It can be chosen from which nozzle as arbitration that what is necessary is just to decide based on the 
role of a controlled atmosphere which controlled atmosphere is gushed. In addition, since supplying 
using the supply nozzle 1 5 prepared in the bottom of a laser exposure nozzle will emit main controlled 
atmospheres to space [ exclusive / comparatively ], they are desirable. 

[0031] When using it combining the gas of two or more classes, the change pattern accompanying the 
time amount of the time amount width of face of a pulse or a quantity of gas flow needs to choose a 
suitable thing according to the class and the purpose of using gas. Drawing 3 expresses typically the 
pattern of the gas stream when gushing a controlled atmosphere from a nozzle. During supply, the 
pattern A which expressed to ****** supplies the same amount, and when changing an operation of a 
controlled atmosphere steeply, it is effective. It is made to increase gradually and the pattern B of the 
center of the inside of drawing decreases a flow rate gradually again, and when making it take the place, 
changing an operation of a controlled atmosphere gradually, it is effective. Moreover, the pattern C 
which expressed to drawing Nakamigi makes a flow rate increase by steeply at the beginning of a 
change, and is decreased gradually after that, and after exchanging the ambient atmosphere near a 
processing point at once, the amount by which stripping is carried out is filled up. 
[0032] 

[Example 2] The 2nd example uses the laser-beam-machining equipment of this invention for cutting 
processing of a plate. Since it is what [ only ] was chosen so that there might be no point that this 
example differs from the thing of the 1st example in the configuration of laser-beam-machining 
equipment and the object of cutting of the controlled atmosphere to supply might be suited, the drawing 
showing a configuration is omitted. He makes a main controlled atmosphere into oxygen, and is trying 
to dilute this with this example in time by pulse-supply of inert gas. In laser beam cutting, the oxygen 
ambient atmosphere is used as a cutting accelerator by combustion, and if the oxygen densities in a 
controlled atmosphere run short while performing laser radiation, a plate cannot be cut efficiently. On 
the other hand, in the condition that oxygen is always supplied, a combustion operation of a cutting 
plane progresses superfluously, cutting width of face becomes large, and generating of dross also 
increases. 

[0033] With the laser-beam-machining equipment of this example, it has prevented carrying out melting 
of the member superfluously by changing a controlled atmosphere to inert gas periodically, and 
intermittence-izing the oxidation, after securing sufficient oxygen density, in order for laser radiation to 
cut a member. Since a cutting margin becomes small, and dross of a comparatively thick plate also 
decreases and a cutting plane becomes comparatively smooth according to such an operation, the grace 
of cutting processing improves. Such effectiveness cannot be acquired by the approach of diluting and 
supplying oxygen gas with inert gas etc., but is begun by periodic exchange, and becomes possible. 
[0034] Drawing 4 is the drawing in which the example of change of the controlled atmosphere flow rate 
in the case of changing two kinds of gas and carrying out cutting processing was shown. Two kinds of 
gas is changed and supplied mutually. Usually, when the gas which is one side is supplied, the gas of 
another side is intercepted thoroughly. However, if oxygen gas A is intercepted thoroughly, a cutting 
auxiliary operation becomes weak too much, and processing efficiency may fall. In such a case, as 
shown in drawing 4 , a good result will be obtained by it if it is made for the flow rate for how many 
minutes to remain in oxygen gas A or a pan also at the time of cutoff in inert gas B. 
[0035] In addition, the laser-beam-machining equipment of this example makes a controlled atmosphere 
with effectiveness smaller than it, and a periodic target change the controlled atmosphere which has big 
effectiveness for a certain object, and it can also be used in order to secure fixed effectiveness. For 
example, the predetermined seal effectiveness is securable, stopping the consumption of expensive 
gaseous helium by changing suitably gaseous helium, argon gas, or nitrogen gas, and making it supply 
an ambient atmosphere. 
[0036] 

[Effect of the Invention] As explained above s it came to be able to perform more advanced laser beam 
machining by preparing two or more kinds of controlled atmospheres supplied to a laser-beam- 
machining location, and changing supply a suitable period with the laser-beam-machining equipment of 
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this invention, moreover, it cannot be base on an approach with many problems at an expensive price 
and technically, but the laser output in an irradiate point can be make to pulse-ize easily technically 
cheaply like the breaker style prepare in the output fluctuation by the side of a laser oscillator, or a laser 
beam transmission optical path by utilize for generating and behavior of a laser induction plasma, and a 
list the phenomenon in_which of the laser beam absorption coefficient change greatly with classes of 
controlled atmosphere. 



[Translation done.] 
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